We estimate the elasticity of the long-run relationship between energy consumption and GDP for 10 countries in Latin America from 1971 to 2007. We employ Pedroni's (1999 Pedroni's ( , 2004 panel cointegration test to determine if such a long-run relationship exists. Westerlund's (2006) cointegration test for panel data is used to estimate the slopes of the long-run relationship variables. These findings provide empirical guidance for policies to promote energy conservation and ef ficiency. Cointegration between the two variables is found to exist in both directions. This paper discusses the energy dependence of some countries and describes potential implementation of energy conservation policies in others.
introduction
In the three decades since Kraft and Kraft's (1978) seminal study, economists and other researchers have studied the relationship between energy consumption and GDP from dif ferent perspectives and using diverse methodologies. Their methods have ranged from descriptive time series analysis to cointegration applications with panel data. This paper presents empirical evidence on the long-run relationship between energy consumption and real GDP through the application of a cointegration panel test and estimation methods in both directions, i.e., energy consumption to GDP and GDP to energy consumption.
Governments are interested in studying this relationship because of the international goal of curbing the increase in global temperature to a maximum of 2 o C in the context of global warming. To achieve this goal, it has become necessary to assess the impacts of policies that promote energy conservation and ef ficiency on national GDP and economic growth. According to the International Energy Agency (IEA), "80% of emissions from the energy sector that were planned for 2020 have already been reached and 40% of CO 2 emissions from OECD countries." This accelerated trend in global emissions represents a step backwards in the battle against global warming. However, some policy makers are concerned that conservative energy ef ficiency policies, such as those designed and formulated according to researchers' suggestions, may have disastrous results on their countries' economic activity.
The first purpose of this paper is to estimate the relationship between energy consumption and GDP for 10 countries in Latin America. Secondly, we compare these estimates at a regional level and compare them with estimates obtained in other studies. We do this by using recent panel data methods, including developments in the second generation of cointegrated panel data, which accounts for structural breaks and cross-sectional dependence in the long-run relationship.
For this method of analysis, we apply unit root tests according to the methodology proposed by Westerlund (2006) . This paper is organized as follows. The second section presents a brief literature review on the topic of energy consumption and GDP. Section 3 presents the methodology used in this study and the data analyzed in our paper. Section 4 presents the estimates and results of our model and compares these results with estimates obtained in previous works. The fifth and final section concludes.
energy consumption and gdp: a brief literature review
Ozturk (2010), Squalli (2007) and Magazzino (2011) provide four hypotheses about the direction of causality between energy consumption and GDP. The first is the hypothesis of neutrality, which holds that there is no causality (in either direction) between these two variables. The second is the energy conservation hypothesis, which holds that there is evidence of unidirectional causality from GDP growth to energy consumption. Under the third hypothesis, which is known as the growth hypothesis, energy consumption drives GDP growth. The fourth hypothesis is the feedback hypothesis, which suggests a bidirectional causal relationship between energy consumption and GDP growth.
Several authors have studied the relationship between GDP and energy consumption and have found varying results. For example, Kraft and Kraft (1978) found unidirectional causality from GDP to energy consumption in the United States for the 1947-1974 period. Abosedra and Baghestani (1991) proved the assertion put forth by Kraft and Kraft (1978) by using the standard test of Granger causality. However, Akarca and Long (1980) argue that the results of Kraft and Kraft (1978) are spurious because they found no evidence of causality when the time period is bounded by two-year intervals. Yu and Hwang (1984) and Yu and Choi (1985) also found no causal relationship between energy consumption and GDP, although they used several dif ferent methods. Erol and Yu (1987) found bidirectional causality between energy consumption and real GDP in Japan and Italy, a one-way causal relationship in East Germany, and a neutral relationship in France, the United Kingdom and Canada using the Granger causality test. Sims (1972) and Hwang and Gum (1992) found evidence of bidirectional causality between energy consumption and GDP in Taiwan. Fatai (2002) found no relationship between energy consumption and GDP in New Zealand.
In a study by Al-Iriani (2005) for the six countries comprising the Gulf Cooperation Council (Kuwait, Oman, Saudi Arabia, Bahrain, United Arab Emirates, and Qatar), the results indicate that there is unidirectional causality from GDP to energy consumption; Soytas et al. (2001) found evidence of unidirectional causality from energy consumption to GDP in Turkey using a model of cointegration and vector error correction analysis. Narayan et al. (2010) examine the long-run elasticities of the impacts of energy consumption on GDP in addition to the impacts of GDP growth on energy consumption for 93 countries during the time period from 1980 to 2006. They apply unit root tests and the cointegration test of Pedroni (1999 Pedroni ( , 2004 to calculate long-run elasticities between energy consumption and GDP and GDP and energy consumption. Lee (2005) estimates elasticities based on a capital-driven production function, finding a significant coef ficient in the direction of energy consumption to GDP. Later in this paper, we compare the results obtained from our model with the estimates obtained by other researchers in the field.
methodology and data
This paper analyzes information on energy consumption and GDP in 10 countries for the time period between 1971 and 2007. The methodology for estimating long-run elasticities in energy consumption and GDP relationship is given by Westerlund (2006) . In this case, we propose estimating the following relationships to find the (β i ) for each of the following equations. We will use the index i = 1,2,3,…,N to denote countries, and t = 1,2,3,…,T to denote time. Consider the following panel regressions:
GDP it is the real GDP for each country (i) during the period (t), and EC it is the energy consumption (both variables are scaled in percapita units). Note that (β i ) is a country-specific slope (elasticity in this case) that is assumed to be constant over the period from 1971 to 2007, and (ε it ) is the term error.
To avoid spurious regressions, we test the stationarity of the series, which requires the use of panel unit root tests. Next, if the series are not stationary, i.e., if the series have unit roots, then we test whether there is a long-run relationship between the relevant variables. Then we establish the following procedure. First, we apply a panel unit root test to determine the integration order of each variable. Second, we apply the panel cointegration test used by Pedroni (1999 Pedroni ( , 2004 to determine whether there is a long-run relationship between the model's variables. Finally, we apply the panel cointegration test used by Westerlund (2006) to determine the existence of a long-run relationship between variables, taking into account the cross-sectional dependence and possible structural breaks in the long-run relationship. As a result of the last test, we estimate the long-run coef ficients (elasticities) of the variables.
panel unit root tests
We begin by considering the integration order of the energy consumption and real GDP series using panel unit root tests, following methods used by IPS (2003) , Levin, Lin, and Chu (2002), Bruiting (2000) , Maddala and Wu (1999) 
panel cointegration tests
Having established that the two variables are I(1), i.e., that the variables contain a panel unit root, we next test whether there is a long-run relationship between the variables. First, we follow Pedroni (1999 Pedroni ( , 2004 by applying a heterogeneous panel cointegration test (first-generation test). Then, we follow Westerlund (2006) by applying a heterogeneous panel cointegration test with multiple structural breaks (second-generation test).
Westerlund (2006) proposes a cointegration test for the null cointegration hypothesis, based on a Lagrange multiplier (LM). This test allows for multiple structural breaks in both the level and trend of a panel regression. Following Westerlund (2006) , the panel LM test statistic for this particular hypothesis is defined as follows:
In this equation, S it = Σ t s =T ij -1 +1 ε it , and ε it is the regression error obtained by using the fully modified OLS (FMOLS) estimator. Westerlund (2006) shows that statistic Z(M), which is standardized by its mean and standard deviation, has an asymptotic, standard normal distribution under the null hypothesis. Using the procedure from Bai and Perron (2003) , Westerlund (2006) estimates the number of breaks and the locations of the breaks in the sample for each country. Westerlund (2006) accounts for the impact of crosscountry dependence and suggests using the bootstrap method. In this case, we use Davison and Hinkley's (1997) block method of bootstrapping. The advantage of this procedure is that the breaks are determined endogenously, whereas in other approaches the breaks are chosen exogenously.
The empirical analysis is based on a panel of 10 countries (Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay and Venezuela) in Latin America during the 1971 -2007 period. We use a series of per-capita energy consumption and per-capita GDP data from the World Bank. Table 1 presents descriptive statistics of the series for each country.
The per-capita energy consumption series for the 10 countries studied follows a normal distribution, except for Peru. It should be noted that Venezuela has the highest average per-capita power consumption in the region (2276.667 kWh), with a standard deviation of 584.2418 kWh. Bolivia reports the lowest average in the region with 311.0732 kWh consumed per person annually, and a standard deviation of 95.23 kWh (See Table 1 ).
On the other hand, the real per-capita GDP series data follow a normal distribution for all countries except Paraguay. However, the inclusion of structural breaks endogenously estimated and the Westerlund (2006) test allow for modeling behavior in the series that is not normally distributed. Argentina has a real per-capita GDP that is higher than the regional average at USD 7,121.8 with a standard deviation of USD 749.552. In contrast, Paraguay has an average per-capita GDP of USD 1,284.95. This is the lowest figure amongst all the countries, with a standard deviation of USD 195.7014 (see Table 2 ).
Figure 1 presents graphs of the variables for each of the countries in the sample, both in logarithms and in first dif ferences. In general, these graphs show that in some periods, the variables appear to have strong relationships, but in other periods the directionality of the relationships is reversed. These stylized facts give us an idea of the close relationship between energy consumption and GDP in the Latin American countries under study. Moreover, the graphs in Figure 1 show comovements between the growth rates of the two sets in each of the countries. 
estimations and results
In this section, we present the results obtained by using the procedure explained in Section 3. Specifically, we discuss the results of panel unit root tests, the results of the panel cointegration tests, and the estimated long-run elasticities for each country and for the regional subsamples of countries.
panel unit root tests
The results of the panel unit root tests are reported in Table 3 and  Table 4 . In Table 3 , the results of the unit root analysis suggest that for almost all panel unit root tests, at the 5% significance level, the logarithm of energy consumption and the logarithm of real GDP are non-stationary for the panel. For the two variables, the null hypothesis of a unit root cannot be rejected at these levels. For IPS, ADF (Fisher type), PP (Fisher type), Bruiting, and Hadri tests, the null of stationarity is rejected at the 1% significance level. Table 4 presents the results of the unit root tests performed on the series in first dif ferences. The purpose of this test is to verify the existence of additional unit roots, thus determining the order of integration of the series. The results indicate that the dif ference series are stationary, which implies that the series in levels are integrated by one order, i.e., are I(1). Notes: ***(**) denote statistical significance at the 1% (5%) level. The optimal lag length was selected automatically using the Schwarz criterion. Notes: ***(**) denote statistical significance at the 1% (5%) level. The optimal lag length was selected automatically using the Schwarz criterion.
panel cointegration test
Having established that the two variables are I(1), i.e., that they contain a panel unit root, we proceed to test whether there is a longrun relationship between the two variables. First, we use the Pedroni (1999 Pedroni ( , 2004 heterogeneous panel cointegration test, and then the Westerlund (2006) heterogeneous panel cointegration test with multiple structural breaks. Notes: ***(**) denote statistical significance at the 1% (5%) level. The optimal lag length was selected automatically using the Schwarz criterion. Davison and Hinckley (1997) . Using a block size of 5 over 1,000 replications, the bootstrap p -value for the null hypothesis of cointegration in both cases is 0.98 and 0.93 respectively, indicating rejection of the null hypothesis at any conventional level of significance. These results provide empirical evidence about the existence of a bidirectional causality, since when estimating long-run relationships through cointegration tests, the magnitude (positive or negative) of the coef ficients represents the direction of the causality (Granger, 1983; Engle and Granger, 1987) . Table 7 presents the estimated breaks that are present in the long-run relationship between energy consumption and GDP. It also presents specific breakdowns for the relationship of energy consumption to GDP and GDP to energy consumption. These results suggest that there is strong relationship instability between energy consumption and GDP in Latin American countries during the study period. Note that the Westerlund test detected 35 breaks in the panel for the energy consumption-GDP relationship and detected 36 breaks in the GDPenergy consumption relationship.
The estimations of the long-run elasticities are reported in Table 8 . The first column lists the countries, the second column shows the longrun elasticity of energy consumption's impact on GDP, accompanied by its standard deviation, and the last column reports the long-run elasticity of GDP's impact on energy consumption and its standard deviation. For each of the 10 Latin American countries and for the regional subsample (panel), the long-run elasticities of the impact of energy consumption on real GDP indicate a bidirectional, long-run relationship between real GDP and energy consumption. Moreover, a 1 percent increase in energy consumption increases real GDP by 0.59% across the entire panel; a 1 percent increase in real GDP increases energy consumption by 0.59% across the entire panel. As mentioned previously, these results represent bidirectional causality, because when long-run relationships are estimated using cointegration tests, the magnitude (positive or negative) of the coef ficients represents the direction of the causality (Granger, 1983; Engle and Granger, 1987) . For example, Lee and Chang (2007) explore the direction of causality between energy consumption and GDP through a dynamic panel in a sample of developed and developing countries.
On a per-country basis, the cointegration results show that for all countries the slopes have a positive sign and are statistically significant. In other words, energy consumption has a positive impact on GDP.
In the cases of Argentina, Brazil and Chile, energy consumption exerts a positive and elastic ef fect on real GDP, whereas in the cases of Colombia and Paraguay energy consumption has a positive but smaller ef fect on real GDP.
Regarding the relationship between real GDP and energy consumption, these findings show that for all countries, GDP has a positive ef fect on energy consumption. In the cases of Colombia and Venezuela, a 1% increase in real GDP increases energy consumption by 0.82%. This result demonstrates compliance with the feedback hypothesis, which holds that there is a bidirectional relationship between these two variables. Other studies such as Narayan et al. (2010) and Lee (2005) also estimated long-run elasticities for some of the countries included in our sample. Table 9 presents these authors' results. We observe that the results of Narayan et al. (2010) are similar to those obtained in this paper for Argentina and Venezuela. However, our results dif fer from the estimates shown in Table 9 , particularly for Colombia, but these results are not statistically significant. Finally, the results of Lee (2005) are similar to our estimates, but dif fer in the case of Venezuela. The results shown in Table 8 can be understood by analyzing the evolution of productive economic structures of South American countries, i.e., how the shares of their primary, secondary, and tertiary sectors changed during the sample period. Table 10 shows the value added for each sector of the economy as a percentage of GDP for the 10 countries included in the study. We can see that in recent decades the primary sector represents a smaller share of a nation's GDP and that secondary and tertiary sectors represent larger GDP shares. Argentina, Brazil and Chile have the largest elasticities reported in Table 8 . This signifies that these countries' economies are goods-intensive in the secondary and tertiary sectors (industry and services). In the cases of Paraguay and Colombia, countries with lower elasticities, we can see that during the 1970s and the past decade, both countries reduced the share of their primary sectors and increased participation of their tertiary sectors.
In particular, Table 10 demonstrates that countries with a high GDP share generated in the primary sector (in relative terms) in the 1970s and a low share in the 1990s should have low elasticities in the relationship between energy consumption and GDP. Conversely, countries whose GDP share from the primary sector has declined significantly should show high elasticities in the relationship between energy consumption and GDP. One exception to this behavior is Argentina, which saw a small change in relative terms.
Conclusions
It is important to understand the ef fects of increased energy consumption on GDP so that economic policy makers can predict the impacts of implementing energy policies on a country's GDP. Our evidence reflects the existence of panel stationarity for Latin American countries, and our panel attests to bidirectional causality between energy consumption and GDP in all sample countries.
The literature investigates the impact of energy consumption on GDP for many countries using dif ferent techniques and methodologies. The results of these studies show that dif ferent methodologies lead to confusing and contradictory conclusions about this relationship. This paper estimates the elasticity of the long-run relationship of energy consumption-GDP and GDP-energy consumption for 10 countries in Latin America during the period from 1971 to 2007. We employ Pedroni's (1999 Pedroni's ( , 2004 panel cointegration test to determine if a longrun relationship exists between the variables in equations (1) and (2). By using a cointegration test for panel data developed by Westerlund (2006) , which accounts for possible cross-sectional dependence between countries and any existing structural breaks in the longrun relationship, we identify the long-run elasticities. In the sections above, we provide empirical evidence about policy maker's abilities to design and implement programs to promote energy conservation and ef ficiency. For example, a 1% increase in energy consumption increases real GDP by 0.59% across the entire panel, while a 1% increase in real GDP increases energy consumption by 0.59% across the entire panel.
In this case, because there is a long-run relationship between energy consumption and GDP, it is understood that in the long run energy generates economic growth for Latin American countries. In the cases of Bolivia, Colombia, Ecuador, Paraguay and even Peru and Uruguay, the elasticity of energy consumption is low (below the regional average). In these countries, policy makers could implement energy conservation programs with low negative impacts in the short run. However, if there is truth to the feedback hypothesis, which suggests that energy consumption and GDP are interrelated and complementary over time in a bidirectional, causal relationship, then policies that promote the energy ef ficiency do not negatively af fect GDP. In addition, according to the results of our panel stationarity tests, if shocks in energy consumption and GDP are temporary, stabilization policies will power long-lasting ef fects in the countries of Latin America. Finally, the result of our cointegration test suggests that energy consumption and GDP are endogenous variables in Latin American countries at the rate of the bidirectionality of causality. Another interesting result is that the methodology is better than those used previously, in the sense that it reflects the presence of structural breaks, controls endogeneity and includes the presence of cross-correlation between the countries concerned.
Countries such as Argentina, Brazil and Chile are energy-dependent, which means that policies that seek to conserve energy in the long run would have disastrous results on their economic growth. Additionally, this dependence on the part of some Latin American countries indicates the need to diversify energy sources, since those countries must weigh the need for sustainable economic growth against the environmental costs associated with excessive energy consumption.
Although it is dif ficult to make definitive conclusions about the energy policy of Latin American countries based on the empirical results presented in this paper, these findings serve to explain certain tools that can be used in conjunction with other studies in the decisionmaking process.
Future research could include variables such as physical capital, human capital and labor to estimate the long-run elasticities, following the methods of Mankiw, Romer and Weil (1992) . This procedure would account for the fact that these factors of production are just as important as energy consumption. In addition, future research could extend the analysis to short-term relationships with a VEC model, as this model provides evidence that the series are cointegrated. Additionally, future research could evaluate energy ef ficiency policies not on the basis of energy conservation measures, but rather from the perspective of the ef ficiency of energy use in production processes.
